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© Contratt agent, process for hs preparation and hs use for uttrasoak Imaging . 

(p) A contrast agant for ultrssonie imaging and a process tor 

iti preparation is disclosed. The contrast agent is an aqueous 

protein solufon which ia charactered in that it comprises 

microbubttfes having a mean particle sue of about 2 to 4 mi- 

crons. The microbubWw are produced by subjecting the 

solution to light-frequency ultrasonic energy. 
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CONTRAST AGENT. PROCESS FOR ITS PREPA RAT ION AND ITS USE.F0Q 2 24934 
ULTRASONIC IHAGIN6 


FIELD OF INVENTION 

This invention relates to the field of ultrasonic 
imaging techniques, and more specifically, to a medical 
procedure which utilizes these techniques as a diagnostic 
tool. 

BACKGROUND OF INVENTION 

Various technologies exist in which parts of an animal 
or human body may be imaged so as to aid in diagnosis and 
therapy. Recently, there have been advances in techniques 
for ultrasonically imaging various parts of the body; 
these techniques when applied to the heart in particular 
are known as "echocardiography." An ultrasonic scanner is 
used to generate and receive sound waves. The ultrasonic 
scanner is placed on the body surface oveTlying the area 
to be imaged. The sound waves generated by the scanner 
are directed toward the aTea to be imaged. The scanner 
then detects sound waves reflected from the underlying 
area and translates that data into images. 

While such ultrasonic scanners are known in the art, 
a brief review will be set forth in order to more fully 
explain the present invention. Khen ultrasonic energy is 
transmitted through a substance, the acoustic properties 
of the substance will depend upon the velocity of the 
transmissions and the density of the substance. Changes 
in the substance's acoustic properties (or acoustic imped- 
ance) will be most prominent at the interface of different 
substances (i.e., solids, liquids and gases). As a con- 
sequence, when ultrasonic energy is directed through vari- 
ous media, the changes in acoustic properties will change 
the reflection characteristics, resulting in a more intense 
sound reflection signal received by the ultra-sonic 
scanner. 

EaTly ultrasonic imaging techniques such as echocardi- 
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lary beds and, as a result, their use would require a 
direct inj ction into the area t be imag d or an arterial 
injection involving the same Tisks as the invasiv appr ach 
or angiography discussed above. Further, microbubbles 
produced by agitating various liquids other than by soni- 
cating them) have wide variability of size. Variable 
amounts of such non-encapsulated agitated microbubbles can 
pass through capillaries! but the present state of the art 
has only produced qualitative data due to the inability to 
control the variables described above. These contrast 
agents all work to some degree, but suffer from a number 
of problems including the fact that the size of the bubbles 
is not uniform. 

My research has demonstrated the feasibility of an im- 
proved ultrasonic imaging method as described in published 
PCT Application WO 84/02838, and in my corresponding United 
States Patent 4,572,203, issued February 26, 1986. One of 
my previously disclosed methods utilizes biodegradeable 
metal-containing microparticles, and another disclosed 
method utilizes a biocompatible liquid. More specifically, 
the latter method involves subjecting a biocompatible 
liquid to high frequency energy in the range of about 5000 
to 30,000 Hz so as to produce microbubbles having substan- 
tially uniform diameter; injecting the bubbles into a mam- 
mal to thereby alter the acoustic properties of a predeter- 
mined aTea; and ultra sonicall y scanning an area including 
the predetermined area so as to obtain an enhanced image 
of the predetermined area. Microbubbles may have a mean 
particle size of up to 20 micTons. The useable viscous 
liquid, as disclosed, is to be selected from solutions of 
dextrose, sorbitol, relatively nontoxic radio-opaque dye, 
and mixtures thereof. 
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SUMMARY OF THE INVENTION 
The present invention is directed to an improvement 
b in my ultrasonic imaging method by which smaller and more 
uniform microbubbles are produced, and particularly to the 
novel use of specifically defined semi- solid contrast 
agents. 

In the first embodiment of the present invention, a 
10 viscous solution (e.g.. *» hu»* n ser ™ is sub ' 

jected to high frequency (5,000 to 30.000 Hz) ultrasonic 
energy As a result, microbubbles having a diameter of 
approximately 2 to 4 microns are produced. For each of 
reference such microbubbles will be referred to herein as 
15 "sonicated" microbubbles. As described in great detail 
hereinbelov, such sonicated microbubbles have been found 
to be improved contrast agents. 

In a second embodiment of the present invention, 
microbubbles or microspheres comprising protein or 
20 derivatives thereof in an aqueous solution are formed into 
stable contrast agents by any of a number of methods known 
in the art for physically (via heat) or chemically alter- 
ing the protein or derivatives to denature or fix the 
material. For example, the use of heat applied to the con- 
25 trast agent after formation thereof, or during formation 
as a result of the sonication of the same is one method 
for denaturing the protein material to form stable contrast 
agents. Asa second method, fixation (i.e., chemical de- 
naturation) of the protein material using formaldehyde or 
30 giutaraldehyde may also be utilized to form stable contrast 
agent s. 


35 


• 0224934 

4a 

1 Furthermore, the invention relates to a method of 
ultrasonic imaging for use in medical procedures including 
the steps of providing a biocompatible liquid, subjecting 
said biocompatible liquid to high frequency energy to 

5 produce microbubbles , injecting said microbubbles into 
a mammal to thereby alter the acoustic properties of a 
predetermined area, and ultrasonically scanning an area 
including said predetermined area so as to obtain an 
image of said predetermined area, wherein the improvement 

10 comprises using as biocompatible liquid an aqueous 
protein solution. 


The contrast agents of the present invention are de- 
tected by conventional ultrasonic scanning equipment and 
translated into images in the manner descTibed above. The 
use of the microparticles is especially advantageous in 
that it obviates the need to introduce gaseous bubbles as 
contrast agents in the human or animal system, and thus 
eliminates the air embolism toxicity ri s* s inherent in 
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that pr cedur . De P nding upon whether the microparticle s 
8re to be used exclusively in uiMl research or for di- 
agn stic and therapeutic purposes, the pot nti.l bi com- 
patability of the particular type of microparticle is a 
significant consideration. 

Thus while overcoming many of the problems associ- 
ated with tb. prior art, the present invention makes pos- 
sible the production of unique images of various organ 
systems. Although the invention technique is applicable 
to various animal and human body organ systems it :s novel 
features and advantages may be better understood from the 
following description of its use in obtaining images of 
my ocardial tissue and perfusion or blood flow P>«erns- 

In reviewing the description and drawings, it should 
be kept in mind that the heart is a "pump" fed by many 
Hood vessels which, during the course of time may become 
partially or totally blocked, causing damage to the heart 
tissue. In the past, information concerning the heart 
tissue was obtained using radionuclide imaging or surgery; 
the angiogram produced no direct data regarding the tis- 
sue, but rather required the drawing of inferences rom 
dat a obtained with respect to the major blood vessels and 
wall motions of the heart. 

DETAILED DESCRIPTION OF THE INVENTION 
The method of this invention uses equipment like that 

11 c s.r.nt 4 57 2 . 2 03. This com- 
described in my prior U.S. Patent 4,57Z,<u 

.rises ultrasonic scanning equipment consisting of a scan- 
ner and imaging apparatus. The equipment produces visual 
images of a predetermined area, in this case, the heart 
Z n of a human body. Typically, the scanner is placed 

r ctly on the skin over t* area to be image . The scan- 
ner houses various electronic components including ultra- 
sonic transducers. The scanner produces ultrasonic waves 
which perform a sector scan of the heart region. The 
ultras nic waves are reflected by the van us p rtions of 
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the heart regi n and are received by the generating trans- 
ducer and proc ssed in accordance with pul se- echo methods 
known in the art. After processing, signals are sent to 
the imaging apparatus (al so well known in the art) for 
viewing. 

In the method of the present invention, after the 
patient is "prepped" and the scanner is in place, the 
sonicated microbubble or microparticle contrast agent is 
injected, for example, through an arm vein. The contrast 
agent flows through the vein to the right venous side of 
the heart, through the main pulmonary artery leading to 
the lungs, across the lungs, through the capillaries, into 
the pulmonary vein and finally into the left atrium and the 
left ventricular cavity of the heart. 

The present invention is directed to both sonicated 
microbubbles. While not to be bound by any theory, the 
sonicated microbubbles of the present invention produce 
noticeably clearer and more detailed images of the myo- 
cardial tissue and microvasculature. This has been demon- 
strated experimentally. The microbubbles were injected 
into the pulmonary artery of a dog and have crossed the 
capillary beds of the lung to enter the left atrium and the 
left ventricular cavity into the aorta through the coro- 
nary arteries and eventually into the left ventricular 
tissue enhancing the image thereof. 

With the method of this invention, observations and 
diagnoses can be made with respect to the amount of time 
required for the blood to pass through the lungs, blood 
flow patterns, the size of the left atrium, the competence 
of the mitral valve (which separates the left atrium and 
left ventricle), chamber dimensions in the left ventricular 
cavity, and wall motion abnormalities. Upon ejection of 
the contrast agent from the left ventricle, the competence 
of the aortic valve also may be analyzed, as well as the 
ejection fraction r percentage of v lume ejected from the 
left ventricl . Finally, the contrast patterns in the 
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tissue will indicate which areas, if any. are not b ing 
adequately perfused. 

In summary, such a pattern of images will help diag- 
nose unusual blood flow chaTacteri stic s within the heaTt, 
valvular competence, chamber sizes and wall motion, and 
will provide a potential indicator of myocardial perfusion. 

In a presently preferred embodiment of the invention, 
a solution of protein or derivatives thereof, capable of 
forming microbubbles or microspheres when sonicated in ac- 
cordance with the above- described procedure, is used. One 
example of a useful solution is a St aqueous solution of 
human serum albumin, referred to herein as albumin. Al- 
bumin in solution is commercially available from any of a 
number of sources. While not being bound by any particular 
theory of operation, it appears that sonication of the 
solution under conditions discussed above causes the forma- 
tion of microbubbles. The resulting microbubbles are sub- 
stantially different from those described above in that the 
walls of the microbubbles aTe significantly more stable, 
thereby making the microbubbles themselves more stable. 
The stability of these microbubbles is believed to be a 
result of the fact that the sonicator heats the albumin 
to a temperature sufficient to denature the protein. The 
sonication also creates bubbles primarily in the range of 
2-4 microns. The size distribution of microbubbles 
formed, as described above, out of a commercially available 
aqueous solution of St albumin was studied. Substantially 
all of the microbubbles were in the range of 2-4 microns, 
as determined by a Coulter Counter, using techniques well- 
Icnown in the art. Of the microbubbles produced, approxi- 
mately 8 million per milliliter (ml.) of solution are in 
the 2-4 raicTon range, approximately 1 million microbubbles 
per ml. in the 4-5 micron range, less than 0.5 million 
microbubbles per ml. in the S-6 micron Tange, and rela- 
tively negligibl am unts of microbubbles in the range 
above 6 microns ar formed. 
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As an alternative t heat tr atm nt of the micr bub- 
bles as a result of sonication, the protein can be de- 
natured and the microbubbles stabilized by heat treatment 
to a temperature In the range of 50 to 6 0° Centigrade, 
with the actual temperature in the range depending on the 
protein, proteins used ot protein derivatives used. The 
specific temperature and conditions for denaturation of 
the various proteins which may be used for t>* present 
invention are generally known in the art. 

The microbubbles formed from St albumin may, in the 
alternative, be stabilized to form a commercially, clin- 
ically usable contrast agent by treatment with various 
chemical agents which chemically denature, or "fix", the 
protein, and derivatives thereof. Chemical denaturation 
of the protein (or derivatives) may be accomplished by 
either binding the protein with a protein-reactive aldehyde, 
sjch as glutaraldehyde. For the latter procedure of 
stabilizing the invented microbubble contrast agent, the 
microbubbles may be reacted with 0.25 grams of 50% aqueous 
glutaraldehyde per gTara of protein at pH4.5 for 6 hours. 
The treated contrast agent is then gently and extensively 
washed to remove as much of the unreacted glutaraldehyde as 
possible. 

The microspheres formed from 5t albumin which has been 
sonicated as described are stabilized and exist for 48 
hours or longer. This may be compared with the above- 
described sonicated sugar solutions which last a few 
minutes to a few hours. Thereafter, they are no longer 
effective contrast agents. 

This invented echo contrast agent permits left heart 
imaging from intravenous injections. The sonicated al- 
bumin microbubbles, when injected into a peripheral vein 
are capable of transpulmonar y passage. This results in 
echocardiographic opacification of the left ventricle (LV) 
cavity as w 11 as my cardial tissu . The sonicated al- 
bumin micr bubbles are snail, stable and echo refl ctive 
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targets* 

A total of 72 intravenous injections of sonicated al- 
bumin microbubhl s were p r formed in 5 d gs. Three to 10 
ml of contrast solution, containing a minimum of 500,000 
bubbles per ml, were injected into the dorsal forepaw vein 
in each trial. No significant changes were noted in heart 
rate, blood pressure or arterial blood gases. LV cavity 
opacification was graded from 0 (no opacification) to +3 
(full LV opacification) with the duration noted in seconds. 
The overall successful transpulmonar y opacification rate 
was 781 (56/72 trials) . LV tissue opacification was al- 
ways preceded by +3 LV capacity opacification. Successful 
tran spulmonary passage of the sonicated albumin micro- 
spheres was observed if (a) the RV contrast opacification 
was +3, (b) the average sphere size was 4 miCTons, or less, 
and (c) the sphere concentration was at least one million 
per milliliter. The results are set forth below in Table 1. 

TABLE 1 


LV Cavity Opacification Contrast in LV 


Grade 

Trials 

cavity (seconds) 

♦3 

11 

20+8 

+ 2 

14 

18+8 

+1 

31 

12 + 17 

0 

16 

0 


This, as shown here, successful opacification of the 
LV cavity and myocardial tissue is now feasible using per- 
ipheral venous injections of sonicated albumin micro- 
spheres. 

Besides the scanner briefly described above, there 
exist other ultrasonic scanners, examples of which are di s- 
closed in U.S. Patent Nos. 4,143,554 and 4,315,435, the 
disclosures of which are herein incorporated by reference. 
Basically, these patents relate to various techniques in- 
cluding dynamic cr ss- sectional ch graphy (DCE) for pro- 
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ducing sequential two -dimensional images of cro ss- sectional 
slices f animal r hiraan anatomy by means of ultras und 
energy at a fram* rate suffici nt to nable dynamic visu- 
alization of moving organs. Types of apparatus utilized 
in DCE are generally called DCE scanners and transmit and 
receive short, sonic pulses in the form of narrow beams or 
lines. The reflected signals' strength i s a function of 
time, which is converted to a position using a nominal 
sound speed, and is displayed on a cattode ray tube or 
other suitable devices in a manner somewhat analogous to 
radar or sonar displays. While DCE can be used to produce 
images of many organ systems including the liver, gall 
bladder, pancreas and kidney, it is frequently used for 
visualization of tissue and major blood vessels of the 
heart. 

The bubbles may be used for imaging a vide variety of 
areas, even when injected at a peripheral venous site. 
Those areas include (without limitation): (1) the venous 
drainage system to the heart; (2) the myocardial tissue 
and perfusion characteristics during an exercise treadmill 
test or the like, and (3) myocardial tissue after an oral 
ingestion or intravenous injection of drugs designed to in- 
crease blood flow to the tissue. Additionally, the micro- 
particles may be useful in delineating changes in the myo- 
cardial tissue perfusion due to interventions such as (1) 
coronary artery vein grafting; (2) coronary artery angio- 
plasty (balloon dilation of a narrowed artery); (3) use of 
thrombolytic agents (such as streptokinase) to dissolve 
clots in coronary arteries; or (4) perfusion defects or 
changes due to a recent heart attack. 

Furthermore, at the time of a coronary angiogram (or a 
digital attraction angiogram) an injection of t)» micro- 
particles may provide data with respect to tissue perfusion 
characteristics that would augment and complement the data 
obtained from the angiogram procedure, which identi fie s 
only the anatomy of the blood vessels. 
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Thr ugh the use of the mi cr ©bubbles of the present in- 
v ntion, other non-c&Tdiac rgan systems including without 
limitation the liver, spleen, kidney, etc. that are pres- 
ently imaged by ultrasonic techniques maybe susceptible 
to an enhancement of such currently obtainable images, and/ 
or the generation of new images showing perfusion and flow 
characteristics that had not previously been susceptible to 
imaging using prior art ultrasonic imaging techniques. 


Claims 1 to 10: 
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1. An aqueous protein solution characterised in that 
it comprises microbubbles having a mean particle 
size of about 2 to 4 microns. 

2. An aqueous protein solution according to claim 1, 
characterised in that the protein is human serum 
albumin. 

3. An aqueous protein solution according to claim 2, 
characterised in that the human serum albumin 
solution has a concentration of about 5X. 

4. A process for preparing an aqeous protein solution 
according any of claims 1 to 3, characterised in 
that the microbubbles are produced by subjecting 
the solution to high-frequency ultrasonic energy. 

5. A process according to claim 4, characterised in 
that high-frequency ultrasonic energy of about 
5000 to 30000 Hz, preferably about 20000 Hz, is 
appl ied. 

6. A method according to claim 4 or 5, characterized 
in that the high-frequency ultrasonic energy is 
applied until the proteia contained in the micro- 
bubbles is heat-denatured. 

7. The process according to claim 6. characterised in 
that the microbubbles are raised to a temperature 
of 50°C or higher. 

8. A process according to any of claims 4 to 7, 

characterised in that the microbubbles are further 
chemically denatured after subjecting them to 
high-frequency ultrasonic energy. 


2 


0224034 


A process according to claim 8, characterised in 
that the microbubbles are chemically denatured 
with formaldehyde or with glutaraldehyde. 

The use of an aqueous protein solution according 
to any of claims 1 to 9 as contrast agent in a 
method of ultrasonic imaging. 


